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(57) ABSTRACT

A vertically integrated hybrid component is implemented in
the form of a wafer level package including: at least two
element substrates assembled one above the other; a molded
upper sealing layer made of an electrically insulating casting;
and an external electrical contacting of the component being
implemented on the top side via at least one contact stamp
which is embedded in the sealing layer so that (i) its lower end
is connected to a wiring level of an element substrate and (ii)
its upper end is exposed in the surface of the sealing layer.

3 Claims, 9 Drawing Sheets
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1
COMPONENT IN THE FORM OF A WAFER
LEVEL PACKAGE AND METHOD FOR
MANUFACTURING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to packaging of integrated
circuits for vertically integrated hybrid components in the
form of a wafer level package.

2. Description of the Related Art

Vertically integrated hybrid components generally include
multiple different elements, which are assembled one above
the other as a stack or chip stack. The different functionalities
of the elements supplement one another advantageously to
yield an application. Depending on the application, MEMS
elements having a micromechanical functionality and also
ASIC elements having a plain circuitry-wise functionality
may be combined with one another in one component. ASIC
elements are also frequently used for capping the microme-
chanical structure of a MEMS element as part of vertically
integrated hybrid components. For example, there are known
vertically integrated hybrid inertial sensor components
including a micromechanical sensor element and an ASIC
element on which the analyzer circuit for the sensor signals is
integrated. In these inertial sensor components, the ASIC
element is assembled over the sensor structure of the MEMS
element and seals it off from environmental influences.

In the case of wafer level packages, the individual element
substrates are processed largely independently of one another
to implement the corresponding circuitry-wise and/or micro-
mechanical functionality for a plurality of elements. The ele-
ment substrates are then assembled in the wafer composite
and are also contacted electrically. Only thereafter are the
packages separated. This very extensive parallelization of
chip manufacturing and packaging is extremely efficient with
regard to the manufacturing process and the manufacturing
costs. Furthermore, the component size may thus be mini-
mized. Such packages require very little circuit board space
and have a very small overall height. This miniaturization in
both area and height has opened up a variety of possibilities
for the development of novel and improved end products.

The electrical connection between the individual elements
of'a vertically integrated hybrid component and also its exter-
nal contacting frequently take place in practice with the aid of
vias. The implementation of such vias in the individual ele-
ment substrates of a vertically integrated hybrid component is
generally associated with complex structuring methods and
coating or filling of structures with a very high aspect ratio.
These processes increase the manufacturing complexity and
consequently also have definite effects on the manufacturing
costs.

BRIEF SUMMARY OF THE INVENTION

The present invention provides measures with which it is
possible to reduce the manufacturing complexity for electri-
cal contacting of vertically integrated hybrid components.

The structure of the wafer level package therefore includes
at least two element substrates assembled one above the other
and an upper sealing layer of an integrally molded, electri-
cally insulating casting compound. The external electrical
contacting of the component takes place on the top side via at
least one contact stamp embedded in the sealing layer so that
its lower end is connected to a wiring level of an element
substrate and its upper end is exposed in the surface of the
sealing layer.
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The method according to the present invention for manu-
facturing such a component provides for the at least two
element substrates to be processed independently of one
another in order to implement the corresponding electrical
and/or micromechanical functionality for a plurality of ele-
ments. The two element substrates are then joined together
mechanically, so that at least one contact area of a wiring level
of one of the two element substrates is exposed for each
element. Furthermore, at least one electrical connection per
component is established between the two element sub-
strates. According to the present invention, at least one con-
tact stamp per component is then placed on the at least one
exposed contact area. An upper sealing layer of an electrically
insulating casting compound in which the contact stamps are
embedded is subsequently molded, so that the upper end of
the contact stamps is exposed. Only then are the components
separated.

Thus the concept for packaging of integrated circuits
according to the present invention provides for an upper seal-
ing layer of an electrically insulating casting compound. This
sealing layer is applied to the wafer stack in a molding process
on the wafer level, i.e., before separating the components, and
protects all circuitry-wise and micromechanical functions on
the top side of the wafer stack from external interfering influ-
ences. In contrast with the related art, where the vias are
produced subsequently, the contact stamps for external con-
tacting of the component are applied according to the present
invention even before applying the upper sealing layer and are
then embedded in the sealing layer. This is made possible by
using an electrically insulating casting compound. Very
small, highly integrated components may be manufactured in
this way; these components are completely packaged already
after being separated and may be installed further as part of a
second-level assembly.

Fundamentally the contact stamps may be formed from
any electrically conductive material, for example, a metal or
a suitably doped semiconductor material. Contact stamps
made of aluminum Al, copper Cu, gold Au or silver Ag have
proven to be particularly suitable, not only due to their good
electrical and chemical material properties but also from the
standpoint of the wafer level processing. These materials are
easily placed on the top side of the wafer stack with the aid of
awire bonding machine or applied by an inkjet method. In the
inkjet method, a plurality of contact stamps may be created in
parallel. This method is also characterized by a great flexibil-
ity with respect to the configuration and geometry of the
contact stamps.

As already mentioned, the contact stamps are embedded in
the upper sealing layer of the component according to the
present invention except for the upper end. This may be
achieved, for example, by using a mold coordinated with the
height of the contact stamps. In one preferred specific
embodiment of the present invention, which also takes into
account certain manufacturing tolerances during creation of
the contact stamps, the upper end of the contact stamps is
subsequently exposed by back-thinning the upper sealing
layer.

The external electrical contacting of the component
according to the present invention may take place directly
using the contact stamp(s) in the upper sealing layer. In this
case, design parameters of the second-level assembly may
also be taken into account in positioning the contact stamps.
A greater design freedom in positioning the contact stamps
may be achieved with the aid of a rewiring level for the
contact stamps. In such a rewiring level on the upper sealing
layer, terminal pads for external electrical contacting of the
component may then be formed at arbitrary points.
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In an advantageous refinement of the present invention, the
upper sealing layer is used not only for embedding contact
stamps for external electrical contacting of the component but
also for embedding an electrical connection between indi-
vidual element substrates of the component, i.e., for imple-
menting an internal electrical contacting. This is imple-
mented in the form of a wire bond connection between the
active front sides of the element substrates. For this purpose,
the upper element substrate is opened after assembly on the
lower element substrate to expose at least one contact area on
a wiring level of the lower element substrate. A wire bond
connection between the contact area of the lower element
substrate and a wiring level of the upper element substrate is
subsequently manufactured, in which the contact stamps
must be higher than the bond wires of the wire bond connec-
tion for the external electrical contacting. The wire bond
connection is completely embedded in the electrically insu-
lating casting compound, in contrast with the contact stamps
during molding of the sealing layer. This type of wire bond
connection for internal electrical contacting between two ele-
ment substrates of a vertically integrated hybrid component is
very simple to manufacture and thus also much less expensive
than the implementation of vias in an element substrate.

The element concept according to the present invention
also permits the integration of individual chips to supplement
the component function. For this purpose, at least one indi-
vidual chip is assembled on the wafer level package and then
at least partially embedded in the electrically insulating cast-
ing compound during molding of the sealing layer, so that,
preferably, only the chip areas which are insensitive to exter-
nal interfering influences must come in contact with the ambi-
ent medium.

Although all exemplary embodiments discussed herein
relate to vertically integrated hybrid components including a
MEMS sensor element and an ASIC element, the present
invention is not limited to this specific application but instead
relates in general to vertically integrated hybrid components
in the form of a wafer level package.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a through 1fillustrate the structure of a component
100 according to the present invention in the form of a wafer
level package on the basis of schematic sectional diagrams.

FIG. 2 shows a schematic sectional diagram of a compo-
nent 200 including a rewiring level for external electrical
contacting.

FIG. 3 shows a schematic sectional diagram of a compo-
nent 300 according to the present invention including three
element substrates.

FIG. 4 shows a schematic sectional diagram of a compo-
nent 400 according to the present invention, whose structure
also includes individual chips in addition to a wafer level
package.

DETAILED DESCRIPTION OF THE INVENTION

The vertically integrated hybrid components in question
here are manufactured in the form of a wafer level package of
element substrates whose circuitry-wise and/or microme-
chanical functions supplement one another to form one appli-
cation. The manufacture of such a sensor component 100 is
described below.

The starting point for this in the case of the exemplary
embodiment described here is formed by two element sub-
strates 110 and 120, which have been processed indepen-
dently of one another. Both element substrates 110 and 120
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include a plurality of similar element functions situated in a
grid, which is illustrated in FIGS. 14 through 1/by a string of
the corresponding element functions. One element substrate
110 is an ASIC substrate having circuit functions, which are
not shown here in detail, and having a layer structure 111,
which includes a plurality of wiring levels 112 for the circuit
functions and on whose top side a wiring level including
contact surfaces 113, 114 for electrical contacting is formed.
The other element substrate 120 is a MEMS substrate includ-
ing a micromechanical sensor structure 121, which is formed
in a layer structure on the top side of the substrate. The top
side of MEMS substrate 120 has been provided with a struc-
tured metallization, in which a bond frame 122 for mechani-
cal connection to ASIC substrate 110 and electrical contract
areas 123 for implementation of an electrical connection
between the MEMS function and ASIC substrate 110 is
formed. The circuit functions of ASIC substrate 110 are
advantageously used for analysis of the sensor signals, which
are detected with the aid of sensor structure 121 of MEMS
substrate 120. FIG. 1a shows two element substrates 110 and
120 prior to the connection to form a wafer stack.

Since ASIC substrate 110 in the exemplary embodiment
described here is also to be used as a cap for sensor structure
121 of MEMS substrate 120, it was first thinned on the rear
side to minimize the overall height of the wafer stack. ASIC
substrate 110 was then structured on the rear side to create
recesses 10 in the area over sensor structure 121. Only then
were both element substrates 110 and 120 joined together in
a bonding operation. A hermetically sealed connection 22
between the rear side of ASIC substrate 110 and the top side
of MEMS substrate 120 was then established in the area of the
bond frame, so that sensor structure 121 is sealed against
external interfering influences by structured ASIC substrate
110, as illustrated in FIG. 15.

The electrical connections between ASIC substrate 110
and the MEMS substrate are established only after this
assembly step in the exemplary embodiment described here,
namely in the form of wire bonds, which connect contact
surfaces 113 on ASIC substrate 110 to corresponding contact
areas 123 on MEMS substrate 120. In a first step, ASIC
substrate 110 including layer structure 111 is opened for this
purpose above these contact areas 123 of MEMS substrate
120 by initially removing the layer structure here and then
also removing the substrate material. This may take place in
a trench process, for example. FIG. 1¢ shows the wafer stack
structured in this way after another structuring step, in which
isolation trenches 124 were created in the layer structure of
MEMS substrate 120. Therefore, contact area 123, which is
electrically connected to sensor structure 121, was electri-
cally decoupled from the remaining layer structure of MEMS
substrate 120. Only then are wire bonds 23 put in place for
internal electrical contacting of element substrates 110 and
120.

FIG. 1d shows the wafer stack including wire bonds 23
after contact stamp 24 has been placed on contact surfaces
114 of ASIC substrate 110 for external electrical contacting.
These may be Au contact stamps, for example, which have
been put in place using a wire bond machine, or Ag or Au
stamps applied by an inkjet method and sintered. FIG. 1d
illustrates that contact stamps 24 project above wire bonds 23.

This wafer level structure is provided with a sealing layer
30 of an electrically insulating casting compound in another
process step, as illustrated in FIG. 1e. Wire bonds 23 as well
as contact stamps 24 are completely embedded in sealing
layer 30.

To expose the upper end of contact stamps 24, sealing layer
30 was ground back to the level of contact stamps 24. Wire



US 9,406,747 B2

5

bonds 23 were not thereby exposed since they are situated at
alower level. The external electrical component connection is
established here with the aid of solder balls 25, which are
placed directly on contact stamps 24 even before the compo-
nents are separated. Only thereafter are components 100
separated from the wafer composite, as indicated by the
dashed component borders 101 in FIG. 1f

The result of this manufacturing method is a vertically
integrated hybrid sensor component 100 in the form of a
wafer level package, which is electrically contactable via
contact stamps 24 in the upper sealing layer 30.

To improve the mechanical and electrical contact between
solder balls 25 and contact stamps 24 in sealing layer 30, an
adhesive layer may also be applied initially to sealing layer
30. Alternatively or additionally, sealing layer 30 may also be
provided with a wiring level, in which terminal pads for
external electrical contacting are formed. FIG. 2 shows a
component variant, in which such a wiring level, including
terminal pads 231, is implemented in a layer structure 230 on
sealing layer 30. Reference is made to the preceding descrip-
tion to illustrate the other component parts since the structure
of component 200 shown here otherwise corresponds to that
of component 100 shown in FIG. 1f

Component 300 shown in FIG. 3 is a wafer level package
including three element substrates, a MEMS substrate 320, a
cap substrate 330 for the MEMS substrate and an ASIC sub-
strate 310 assembled on the cap substrate. This structure also
allows the use of very thin ASIC substrates.

Two micromechanical sensor structures 321, 322 are
formed on MEMS substrate 320 in a layer structure. These are
electrically connected to a contact area 323 of the layer struc-
ture, which is electrically decoupled from the remaining layer
structure of MEMS substrate 320 by isolation trenches 324.

Cap substrate 330 was bonded at its structured rear side to
the top side of MEMS substrate 320, so that sensor structure
321 is enclosed with a hermetic seal in a cavern 331 between
cap substrate 330 and MEMS substrate 320. A cavern 332 is
also formed in cap substrate 330 in the area above other sensor
structure 322 of MEMS substrate 320, although this cavern is
hermetically sealed only by assembly of ASIC substrate 310
on cap substrate 330 since cap substrate 330 has a through-
opening 333 in this area. Depending on the process conditions
during assembly of cap substrate 330 and ASIC substrate 310,
different pressure conditions may be established in caverns
331 and 332 to operate two sensor structures 321 and 322 at
a different pressure. At any rate, both sensor structures 321,
322 are protected against external interfering influences by
the wafer level package structure.

A via 334 in cap substrate 330 is formed above contact area
323 of MEMS substrate 320 including a terminal pad 335 on
the top side of cap substrate 330. The electrical connection
between MEMS substrate 320 and cap substrate 330 is estab-
lished via bond connection 22 between contact area 323 and
via 334.

Evaluation circuits for micromechanical sensor functions
321, 322 of MEMS substrate 320 are implemented in ASIC
substrate 310. A layer structure 311 on the top side of ASIC
substrate 310 includes several wiring levels 312 for the evalu-
ation circuits. A wiring level including contact surfaces 313,
314 for internal and external electrical contacting is situated
on layer structure 311. ASIC substrate 310 is opened in the
area above via 334 of cap substrate 330.

The electrical connection between ASIC substrate 310 and
MEMS substrate 320 is established here with the aid of via
334 of the cap wafer, namely with the aid of a wire bond 23,
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which connects contact surfaces 313 on ASIC substrate 310 to
terminal pad 335 of via 334—as in the case of component
100.

It should be pointed out here that the electrical connection
between the ASIC substrate and the MEMS substrate in this
component structure could also be established directly via a
wire bond between a contact area of the MEMS substrate and
a contact surface on the top side of the ASIC substrate. For
this purpose, the cap substrate as well as the ASIC substrate
would have to be opened above the contact area of the MEMS
substrate.

The external contacting of component 300 takes place
according to the present invention via contact stamps 24,
which have been placed on contact surfaces 314 of ASIC
substrate 310, so that they project above wire bond 23. These
contact stamps 24 are embedded together with wire bond 23
in a sealing layer 30, which is made of an electrically insu-
lating casting compound and has been applied to the wafer
stack in a molding method. The upper end of contact stamps
24 is exposed in the surface of sealing layer 30, so that contact
stamps 24—and thus also ASIC substrate 310 and MEMS
substrate 320—may be electrically contacted by way of an
adhesive layer 26 and solder balls 25.

In the component structure described above, it has proven
advantageous when the MEMS sensor structures are at the
same electrical potential as the cap substrate. Therefore, a
conductive connecting material is preferably used between
the MEMS substrate and the cap substrate, such as AlGe, to
apply the bond frame to a defined potential with the aid of
suitable wiring. Alternatively, the cap wafer may also be
applied to a defined electrical potential via the ASIC sub-
strate.

The structure of component 400 illustrated in FIG. 4
includes two individual chips 430 and 440 including addi-
tional micromechanical and circuitry-wise functionalities to
supplement the component function in addition to a wafer
level package made up of an ASIC substrate 410 anda MEMS
substrate 420. The exemplary embodiment shown here is a
micromechanical sensor chip 430 and a logic chip 440 in the
case of the individual chips. The chip surfaces of these indi-
vidual chips are much smaller than those of both element
substrates 410 and 420.

Evaluation circuits for micromechanical sensor functions
421, 422 of MEMS substrate 420 are implemented in ASIC
substrate 410. A layer structure 411 on the top side of ASIC
substrate 410 includes several wiring levels 412 for the evalu-
ation circuits.

MEMS substrate 420 was assembled face down, i.e., with
its active front side on layer structure 411 of ASIC substrate
410, so that the sensor structures 421, 422 are enclosed in
sealed caverns 413, 414 between MEMS substrate 420 and
ASIC substrate 410. A bonding method was used for the
assembly, in which a hermetically sealed mechanical connec-
tion 22 between two element substrates 410 and 420 was
established as well as electrical connections 22 between
micromechanical sensor structures 421, 422 and wiring levels
412 of ASIC substrate 410. A layer structure 425 including a
wiring level, in which contact surfaces 423, 424 for internal
and external contacting of component 400 are formed, is
situated on the rear side of MEMS substrate 420.

The electrical connection between sensor structures 421,
422 on one side of MEMS substrate 420 and layer structure
425 on the other side of MEMS substrate 420 is established
here with the aid of a via 426 in MEMS substrate 420, which
is also electrically connected to wiring levels 412 of ASIC
substrate 410.
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Individual chips 430 and 440 are assembled on rear-side
layer structure 425 of MEMS substrate 420. The electrical
connection to the other component parts is established with
the aid of solder balls 27 on contact surfaces 423.

The external contacting of component 400 takes place
according to the present invention via contact stamps 24,
which have been placed on contact surfaces 424 of MEMS
substrate 420, so that they project above individual chips 430
and 440. These contact stamps 24 are embedded together with
individual chips 430 and 440 in a sealing layer 30 made up of
anelectrically insulating casting compound and applied to the
wafer stack in a molding method. The upper end of contact
stamps 24 is exposed in the surface of sealing layer 30 so that
contact stamps 24 and thus also all parts of component 400
may be electrically contacted. Furthermore, a pressure termi-
nal opening 31 is formed in sealing layer 30 above sensor chip
430.

The structure concept described in conjunction with FIG. 4
provides for a combination of individual chips and element
substrates in the form of a wafer level package. It thus permits
implementation of components having a different scope of
functions for different applications on the basis of a single
type of wafer level package. Furthermore, functions of ele-
ment substrates may be shifted from the wafer level package
to individual chips to improve the area matching of the ele-
ment substrates and to minimize the chip area of the compo-
nent.

What is claimed is:

1. A component in the form of a wafer level package,
comprising:

at least two element substrates wire-bonded one above the

other;

a molded upper sealing layer of an electrically insulating

casting compound; and
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at least one contact stamp via which an external electrical
contacting of the component on a top side of the com-
ponent is implemented, the at least one contact stamp
being embedded in the molded upper sealing layer such
that (i) a lower end of the at least one contact stamp is
connected to a wiring level of one of the element sub-
strates and (ii) an upper end of the at least one contact
stamp is exposed on a surface of the molded upper
sealing layer,

wherein at least one multi-level rewiring for the atleast one
contact stamp is provided on the molded upper sealing
layer,

wherein the at least one contact stamp is connected to a
wiring level on the molded upper sealing layer, and
wherein at least one terminal pad is formed in the multi-
level rewiring on the molded upper sealing layer for an
external electrical connection of the component,

wherein at least one individual chip is assembled in the
wafer level package, and wherein the at least one indi-
vidual chip is at least partially embedded in the electri-
cally insulating casting compound of the molded upper
sealing layer and is electronically connected to sensor
circuitry of one of the element substrates by a via there-
through.

2. The component as recited in claim 1, wherein the at least
one contact stamp contains at least one of Al, Cu, Au and Ag.

3. The component as recited in claim 1, wherein at least one
electrical connection in the form of a wire bond connection is
implemented between active element front sides of the two
element substrates, and wherein the wire bond connection is
completely embedded in the molded upper sealing layer.
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